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Method for predicting the voltage of a battery 

The invention relates to a method for predicting the 
voltage of a battery, in particular of a vehicle 
5 battery. 

One problem that traditionally occurs is that, for 
example in a motor vehicle power supply system, the 
voltage collapses in certain load conditions when the 
10 battery is poor or discharged to such an extent that 
important systems, such as the braking system, no 
longer operate fully and, in some circumstances, the 
driver can then operate the vehicle only with major 
restrictions . 



DE 3 9 3 6 638 Gl discloses a method in which the loads 
on a vehicle power supply system are switched off or 
reduced when the vehicle battery state of charge falls 
below a specific level, in order to prevent excessive 

20 discharging of the battery. Which load or loads is or 
are switched off depends on the group of loads to which 
it or they belong. By way of example, one such group is 
composed of "conditionally switchable loads'' (BSV) 
and/or " switchable loads" (SV) . The group is in this 

25 case always completely switched off, or its consumption 
is reduced. Each group has a priority relating to 
vehicle safety and/or its importance. The process of 
switching off or reducing the individual groups starts 
with the group with the lowest priority. If this does 

30 not lead to an improvement in the state of charge of 
the battery, further groups are switched off or reduced 
successively until the battery state of charge reaches 
a specific level. 

35 Furthermore, DE 199 60 079 Al discloses a method for 
switching various classes of loads on and off by means 
of switching elements within an energy management 
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process, which is carried out by a controller. The 
switching elements are in this case actuated such that 
the selected priorities for actuation of the switching 
elements can be changed dynamically during operation. 
5 The switching priorities can thus be adapted as a 
function of the operating state during operation. Loads 
are switched off by varying the switching priority such 
that the perceptibility of the operating states is as 
far as possible suppressed. 

10 

When using this conventional method, a load or a group 
of loads is switched off or reduced only once a poor 
state of charge has already been found. In order to 
prevent a safety-relevant system, such as the braking 
15 system, no longer being fully operationally available 
as a result of being reduced, a computation-intensive 
method is in this case currently used to calculate the 
state of charge of the battery, and this considerably 
increases the costs of the aissociated controller. 

20 

One object of the present invention is thus to provide 
a simple and cost-effective method for predicting the 
voltage of a battery, by means of which a state in 
which the battery is poor or discharged and in which a 
25 voltage drop can occur in certain load conditions can 
be predicted, and which has appropriate countermeasures 
to be initiated before this state occurs, in order that 
specific safety-relevant loads remain fully 
operational . 

30 

According to the invention, this object is achieved by 
a method for predicting the voltage of a battery having 
the features as claimed in claim 1 . Further 
advantageous developments of the invention are 
35 specified in the dependent claims. 
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The method according to the invention for predicting 
the voltage of a battery now allows critical battery 
states to be identified in good time, particularly 
critical power supply system states in the vehicle, and 
5 allows countermeasures to be initiated, such as load 
shedding or increasing the engine rotation speed. 

These and further objects, features and advantages of 
the present invention will become clear from the 
10 following description of one preferred exemplary 
embodiment, in conjunction with the drawing, in which: 

Figure 1 shows a flowchart of a method according to 
the invention for predicting a voltage of a 
15 battery U_pred 

Figure 2 shows a flowchart of a subroutine 

"calculation of the polarization voltage 
U_pol" from Figure 1, 

20 

Figure 3 shows a flowchart of the subroutine 
"filtering of the polarization voltage U_pol" 
from Figure 1, and 

25 Figure 4 shows an illustration of examples of current- 
dependent profiles of the polarization 
voltage. 



30 



The method according to the invention for predicting 
the voltage of a battery, in particular of a vehicle 
battery, will be described in more detail in the 
following text with reference to the flowcharts shown 
in Figures 1 to 3 . 

35 In order to ensure that specific, safety-critical 
loads, such as the Sensotronic Brake Control or SBC 
(electrohydraulic brakes) remain fully operational, the 
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vehicle battery voltage must not fall below a specific 
minimum voltage, since this results in a voltage drop 
when a load is applied. The method according to the 
invention can now be used to predict what battery 
5 voltage U_pred will occur when it is discharged with a 
predetermined current I_pred, that is to say when a 
defined load is to be expected. 

In a first step SI, actual battery data, such as the 

10 battery voltage U_batt, the battery current I_batt, the 
battery temperature T_batt and the dynamic internal 
resistance Rdi of the battery, is detected and is 
checked by external detection and calculation devices. 
In this case, the battery voltage U_batt, the battery 

15 current I_batt, and the battery temperature T_batt are 
detected by means of sensors, are transmitted to a 
control device and are checked by the control device, 
which carries out the method according to the invention 
for predicting the voltage of a battery. The dynamic 

20 internal resistance Rdi is calculated by means of a 
known routine, and the calculation result is likewise 
transmitted to the control device and is checked by the 
control device. A method such as this for calculation 
of the dynamic internal resistance Rdi is known, for 

25 example, from DE 102 08 020 Al, in which the value that 
is obtained for the dynamic internal resistance has 
already been filtered. The values for the battery- 
voltage U_batt, the battery current I_batt, the battery 
temperature T_batt and the dynamic internal resistance 

30 Rdi are transmitted to the control device, and are 
checked by tbe control device, at predetermined 
internals t, for example every 50 ms. Negative values 
of the detected values of the battery current I_batt 
indicate discharging, and positive values indicate 

35 charging of the battery. 
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A check is then carried out in a step S2 to determine 
whether this functional procedure is a first procedure. 
This is done by checking the state of a bit which is 
set during a first functional procedure and is reset 
again on each new start. When the bit is set, that is 
to say a functional procedure (step SI to S12) has 
already been carried out, the procedure moves on to 
step S3. Otherwise, the procedure moves on directly to 
step S5, in order to allow a quick prediction of the 
battery voltage directly after the new start. 

A step S3 is used to determine whether a time Tx, in 
this case 500 ms , has already elapsed, that is to say 
the procedure moves on to step S4 after 500 ms, 
otherwise the procedure returns to step SI. 

If it is found in step S3 that the conditions are 
satisfied, the battery voltage U_batt and the battery 
current I_batt are filtered by means of a low-pass 
filter in a step S4 . The filtering process results in a 
filtered battery voltage value U_filt and a filtered 
battery current value I_filt being determined from the 
battery voltage U_batt and the battery current I_batt, 
with the ripple having been filtered out of each of 
them. The filtered battery voltage value U_filt and the 
filtered battery current value I_f ilt after low-pass 
filtering are obtained from the following equations: 

U_filt(t„) = (U__batt - U_filt( tn -i) )*U - exp(-t/T)) + 

+ U_filt(t n -i) 

I_filt(t n ) = (l_batt - I_filt (t n -i) ) * (1 - exp(_t/T)) + 

+ I_f ilt (tn-i) 

In this case, T is a filter constant which, for 
example, is chosen to be 500 ms, while t is an interval 
in which a value record is in each case read and which 



is, for example 50 ms. t n is the actual time, while t n -i 
is the time of the last calculation. If no previous 
calculation has yet taken place, predetermined 
initialization values are used. 

5 

By way of example, values are defined as follows for 
initialization purposes, on the basis of the settling 
times of the low-pass filter that is used: U_filt = 
11.8, I_filt =0.0 and Rdi = 5.0. 

10 

The input variables are read into the low-pass filter 
as quickly as possible, provided that the values are 
valid, that is to say the hardware for detection of the 
battery voltage U_batt and of the battery current 

15 I_batt must produce valid values. A quick prediction is 
produced on the first function call of the method for 
predicting the voltage of a battery, for example after 
a time period Tx, that is to say 500 ms in the example. 
The filtering through the low-pass filter is not also 

20 included in this, that is to say the steps S3 and S4 
are jumped over in the first function call. In the 
first 5 seconds, for example, after this function call, 
all of the time constants are set to 1 second since 
this allows the method to stabilize quickly. 

25 

The predicted battery voltage U_pred is calculated, 
that is to say the functional procedure is carried out, 
after a time period T, that is to say after 500 ms in 
the example. 

30 

The predicted battery voltage U_pred is calculated only 
when the battery current I_batt is greater than the 
predetermined load current I_pred on which the 
prediction is based. A predetermined tolerance Tol is 
35 permitted in this case, for example of 5 A. There is no 
need to carry out a calculation process for a battery 
current I_batt that is less than I_pred, since the drop 
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in voltage at that time would be greater than a voltage 
drop to be predicted. The procedure then returns to 
step SI. 

5 A check is thus carried out in step S5 to determine 
whether the following conditions which are necessary to 
carry out the calculation of the predicted battery 
voltage U_pred are satisfied: 

10 I_filt > (I_pred - Tol) 

and 

I_batt > l_pred - Tol 

This second-mentioned condition is in this case 
15 additionally checked, since greater currents are 
reached during a starting process but a calculation 
would otherwise be allowed on the basis of the filter. 
Such errors should, however, be precluded. 

20 If it is found in step S5 that the conditions stated 
above are not satisfied, the predicted battery voltage 
U_pred is not calculated and the procedure returns to 
step SI. 

25 If it is found in step S5 that the above conditions are 
satisfied, then a resistive voltage drop across the 
dynamic internal resistance Rdi is then calculated in a 
step S6. For this purpose, the filtered battery current 
and internal resistance values (I_filt and Rdi) are 

30 used to calculate the voltage drop U_ri that is 
produced by the predetermined load current I_pred 
through the dynamic internal resistance Rdi, using the 
following formula: 

35 U_ri = (I_filt - I_pred) * Rdi 
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Since the predetermined load current I_pred is always a 
discharge current, it must also be used in a negative 
form. The value range for the predetermined load 
current I_pred is, for example, between -80 A and 
5 -150 A. 

A polarization voltage U_pol is then calculated in a 
step S7 . The subroutine for calculation of the 
polarization voltage in step S7 is illustrated in more 

10 detail in Figure 2. The polarization voltage U_pol has 
a number of chemical causes, that is to say it is 
composed of a number of voltage elements. These voltage 
elements are, among others, the crossover voltage or 
activation voltage, the crystallization voltage and the 

15 diffusion voltage. The crossover voltage results from 
the local distribution of the ions first of all having 
to be built up when a current change occurs, and this 
does not take place as quickly as the current builds 
up, with the distribution of the charged particles on 

20 the surface being comparable with a capacitor. The 
crystallization voltage is the voltage required to 
release molecules on the surface of the electrode from 
their compound form and to make them accessible for a 
reaction. Finally, the diffusion voltage is the voltage 

25 which is required in order to remove the reaction 
products from the electrode surface. These voltage 
elements are each exponentially dependent on the 
battery current, specifically the current magnitude and 
the current direction, as well as the temperature. 

30 

The entirety of the polarization voltage U_pol can be 
described sufficiently accurately by two simple 
reciprocal functions. The polarization voltage U__pol 
can be determined as follows, although it is in each 
35 case necessary to decide whether the battery is being 
charged, that is to say I_filt > 0, or whether the 
battery is being discharged, that is to say I_filt ? 0. 



A decision is therefore first of all made in a step 
S7-1 as to whether the filtered battery current I_filt 
is greater than zero. Depending on the decision 
5 results, the polarization voltage U__pol is calculated 
in a step S7-2a or S7-2b using the following formula: 

If l_filt > 0: 

U_pol - (U_pol__0 + (ki_lad*I_f ilt/ (ik_lad + I_filt))) * 
10 Ki. 

If I_filt ? 0: 

U_pol = (U__pol_0 + (ki_ela*I_f ilt/ (ik_ela - I_f ilt) ) ) * 
Ki 

15 

Kiin the above equations is a correction factor which is 
unity when the predetermined load current I pred is - 
100 A, while it is in the range between -80 A and 
-150 A, from (l-(I_pred + 100) /100*0 . 2 ) for a 
20 predetermined load current I_pred. It is obvious in 
this case to those skilled in the art that an 
appropriate, adapted correction value can be determined 
when a load current range other than this load current 
range is desired. 

25 

In this case, the parameters U_pol_0, ki_lad, ik_lad, 
ki_ela and ik_ela are predetermined parameters. By way 
of example, U_pol_0 may be 0.7 V at 0°C. The 
temperature dependency is -9 mV/°C. This means that: 

30 

U__pol_0 = 0.7V - 0.0 09V/ °C * T_batt [T_batt in °C] 

ik_lad and ik_ela are empirical parameters which 
describe the curvature of the curve of the polarization 
35 voltage U_pol as a function of the filtered battery 
current I_filt. Figure 4 shows one such curved profile 
for various battery temperatures T_batt . By way of 
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example, the value of ik_lad may be 80 A, and the value 
of ik_ela may be 20 A. ki_ela is non-dimensional and 
can be defined such that the value for U_pol is 0 V 
when I__filt = I_pred. 

5 

Thus : 

ki_ela = U_pol__0 * (ik_ela - I_pred) / ( -I_pred* [VA] ) and 
ki_lad = U_pol_0 * (ikJLad - I_pred) / ( -I_pred* [VA] ) *K 2 . 

A correction factor K 2 must be taken into account during 
charging, since very high overvoltages can occur during 
charging, which would be too great for calculation. 
This correction or compensation factor K 2 also allows 
these voltages to be calculated. 

This description of the polarization voltage U_jpol is 
valid when the battery is in a quasi -steady state, that 
is say when it is stabilized, that is to say when the 
20 battery current I_batt is constant. 

The polarization voltage U__pol varies only slowly as a 
result of the chemical reactions which are concealed 
behind this phenomenon. The change follows two 
25 superimposed time constants. The parameter U_pol 
determined as described above thus comprises a fast and 
a slowly settling part U_pol__f ast_raw and 
U_pol_slow_raw . 

30 U_pol_fast_raw =0.6* U_pol and 
U_pol_slow_raw = 0.4 * U_jpol, 

that is to say 60% of U__pol settles quickly, and 40% 
settles slowly. 

35 

The polarization voltage U__pol is thus filtered in a 
further step S8, whose detailed procedure is 
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illustrated in more detail in Figure 3, with this 
filtering preferably being carried out by two low-pass 
filters, in each case one for a faster settling 
component U_pol__f ast_raw of U_pol and one for a slowly 
5 settling component U_pol_slow_raw of U__pol . 

First of all, in a step S8-1, the polarization voltage 
U_pol is subdivided into the still unfiltered raw 
values of the polarization voltage U__pol_f ast_raw and 
10 U__pol_slow_raw. These two polarization voltage 
components U_jpol_f ast_raw and U_pol_slow_raw are then 
filtered by means of two low-pass filters in a step S8- 
2. 

15 This results in: 



U_jpol_fast_f ilt (t n ) = 


(U_pol_f ast_raw 

- Upol__fast_f ilt (t n -i) * 

* T + U__pol_fast_filt (t n -i) 




U_pol_slow_f ilt (t n ) = 


( U_po l_s 1 ow_r aw 

- Upol_slow_f ilt (t n -i) * 

* T -i- U__pol_slow_f ilt (t n _i) 



The time constants of the low-pass filters for 
20 U__pol_f ast_raw and U_pol_slow__raw are in this case 
different depending on whether charging is taking 
place, that is to say I_filt > 0, or discharging is 
taking place, that is to say I_filt ? 0. By way of 
example, the time constants are: 

25 

1 second 
1 minute 

3 0 If I_mean ? 0: 

T for U_pol_f ast„f ilt = 1 second 



If I_filt > 0: 

T for U_pol_fast_f ilt = 

T for U_pol_slow_f ilt = 
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T for U_pol_slow_f ilt = 30 seconds 

The filtered values of the two polarization voltage 
components U_pol_f ast_f ilt and U_pol_slow_f ilt are then 
5 added in a further step S8-3 in order to obtain a 
filtered polarization voltage U_pol_filt. 

These values for parameters for determination of the 
polarization voltage are likewise only examples, and do 
10 not represent any restriction. 

The predicted battery voltage U_pred is then calculated 
in a step S9, which is carried out after this, from the 
voltage values as determined in the steps S4, S6 and S7 
15 and S8 for the filtered battery voltage U_filt, the 
resistive voltage drop U_ri and the filtered 
polarization voltage U__pol_filt, using the following 
formula: 

20 U_pred = U_filt - U_ri - U_pol_filt 

The predicted battery voltage U_pred determined in this 
way in step S9 is also limited upwards and downwards in 
step S10 by, by way of example, defining 12.5 V as the 

25 maximum value U_pred_max and 10 V as the minimum value 
U pred min. In this case, it is not absolutely 
essential to limit upwards, since the battery charge is 
in any case sufficient there; nevertheless, in the 
preferred exemplary embodiment, the maximum value 

30 U_pred__max is fixed at a value close to a normal value 
of a fully charged battery in the rest state. Limiting 
downwards is, however, always necessary by means of a 
minimum value U pred min since, below this voltage 
level, the battery is aged or being discharged or the 

35 like such that it is no longer possible to reliably 
predict the battery voltage on the basis of an 
exponentially falling voltage below this threshold 

12 



value. In the situation where the predicted battery 
voltage U_pred is between the limit values U_pred_min 
and U_pred_max, the predicted battery voltage is then 
filtered in a further step Sll, in which case the time 
constant T of this filter may be 3 minutes both for 
negative and for positive current levels. This further 
filtering in step Sll filters out sudden changes which 
occur as a result of switching from charging to 
discharging . 

Thus : 

U_pred_f ilt (t n ) = (U_pred_raw - U_jpred__f ilt ( t n -i ) ) *T + 

+ U_jpred_filt(t n -i) 
15 

where, for example, T is chosen to be 3 minutes. 

Finally, a check is carried out in step S12 to 
determine whether the bit which indicates whether a 
20 first function call has already been made is set. If 
the bit is not set, this bit is set, and the procedure 
then returns to step SI. Otherwise, the procedure 
returns directly to step SI. 

This means that a battery voltage can be determined 
reliably, in particular of a vehicle battery when 
loaded with a load current, defined in advance, of 
1— pred. This prediction can be used for batteries of 
all types, in particular for vehicle batteries of any 
type, size and capacity. 

In summary, the present invention discloses a method 
for predicting the voltage of a battery, in particular 
of a vehicle battery. The method according to the 
35 invention makes it possible to predict a voltage drop 
before it actually occurs as a result of a load. For 
this purpose, a filtered battery voltage and a filtered 
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battery current are first of all determined from 
battery data, such as the battery voltage, the battery 
current, the battery temperature and the dynamic 
internal resistance. The resistive voltage drop across 
the dynamic internal resistance is determined from the 
difference current between the filtered battery current 
and the predetermined load current. Furthermore, a 
polarization voltage is calculated as a function of the 
filtered battery current, and is then filtered. A 
predicted battery voltage is calculated from the 
filtered battery voltage, minus the resistive voltage 
drop and the filtered polarization voltage. This 
predicted battery voltage can be used to decide on 
further measures . 
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